portant to observe to what a large extent sugar is present as a reserve material in many of the ordinary root crops such as the turnip, swede, etc., and in the other varieties of the genus Brassica. It is not generally recognised how much of the nutritive value of cauliflowers, cabbages, brussels-sprouts, etc., is due to the large amount of reserve sugar which these plants contain, and this sugar is not present in the edible parts only, but more particular! y in the stalk and petioles, which are extensively used as storage organs.
No quantitative analysis has been undertaken to determine the amount of sugar present in these organs, but a qualitative test with Fehling's solution indicates that the amount of sugar must be considerable. This sugar is directly fermentable by yeast, no hydrolysation being required. If the stem or petiole is crushed under water and boiled to ensure the complete liberation of the cell-sap, and yeast added at a convenient temperature, alcohol can readily be detected by the iodoform test. By the same process it is easily demonstrated that fermentable sugar is also present in the petioles of the swede and turnip.
It is suggested that in the many thousands of tons of cabbage stalks and petioles and of the petioles of the turnips and swedes, at present a by-product of farms and market-gardens, we have a suitable. and readily available material which could be collected and utilised as a source of industrial alcohol.
\Ve learn from the returns of the Ministry of Agriculture for rgrg that more than 72,ooo acres were devoted to the cultivation of cabbage, sprouts, cauliflower, and broccoli ; and upon a single farm in the North of England as many as 40,000 cabbages were grown in the year rgzo. The returns of the Ministry of Agriculture estimate that r4,2oo,ooo tons of turnips and swedes were grown in rgzo. When these crops are harvested an enormous residue must be annuallv wasted which would be capable of producing a very large quantity of fermentable sugar. The amount, of course, would fall far short of commercial requirements, but it would be by no means negligible, and might materially add to our resources for the production of alcohol in this country, reducing the importation of raw substances for that purpose, and possibly to some extent also the importation of petrol.
Moreover, many other plants could also be utilised. Comparatively little attention seems, at present, to be given to our native. plants which store up large quantities of starch or sugar as reserves. In the Gramine<E sugar is largely employed as a reserve material, and it is not surprising to find that the rhizomes of the couch-grass (Agropyron repens) and the uni-internodal corms of the bulbous oat-grass (Arrhenatherum avenaceum) possess a large sugarcontent, the maximum amount being present in autumn or early winter. This sugar varies with the season of the year; in autumn it is chiefly canesugar, which on the approach of spring is converted into glucose previous to being utilised by the plant. In either case the reserve sugar in these plants is fermentable by yeast without any further prepamtion. Both these grasses are pernicious weeds, and large quantities are annually eradicated from the land.
Another source of raw material worth mentioningfor the production of alcohol is the starch which occurs so abundantly in the rhizome of the bracken-fern (Pteris aquilina). Although it would seem that this carbohydrate cannot be rendered available for human food, ·further research may indicate a method for its profitable utilisation for newer alcohol, and it mav be pointed out that a natural process of hydrolvsation would take place in the spring as a necessary part of the plant metabolism. At the NO. 2684,VOL. 107] present time there are many hundreds of acres covered with bracken which might with advantage be re. claimed for agricultural purposes, and the first stage in this reclamation might well be the eradication of the Pteris rhizome for utilisation in the production of alcohol.
Investigations at the present time tend largely to concentrate upon synthetic processes, or to the exploration of new plants which could be grown for the production of alcohol, or to the extension for this purpose of the acreage of food-crops such as potato, beet, etc. The object of this letter is to direct attention to the enormous amount of suitable materials ready to hand and at present overlooked and unutilised in our own country. The plants already enumerated could be added to (e.g. the roots of the spear thistle, Carduus lanceolatus, contain an abundance of inulin), and no doubt systematic search would reveal many more which could be exploited for their unsuspected and valuable carbohydrate reserves.
The amount in the aggregate would be very considerable, the cost of collection and manufacture would be relatively small, and an asset might thus be secured which would help towards the solution of a pressing industrial problem.
M. C. PoTTER. Armstrong College, Newcastle-upon-Tyne, March g.
Relativity, Space, and Ultimate Reality. As one who has studied very carefully, so far as his mathematics will take him, the various points of view brought together in NATURE of February 17 by the great exponents of the doctrine of relativity, may I have space to express the conviction that the pressing need at the present stage is a clarified conception about the nature of pure space in relation to objectivity or subjectivity? Let me define the contention.
There is little difficulty now about the modest and reasonable earlier demands of the relativists that spatial directions are significant only in relation to matter, that time cannot be dissociated from space, that we have no criterion of absolute motion and the like. According to these representations is contingent upon the existence of matter and energy, so that : extinguish the physical universe, and space as an objective reality vanishes too. But the relativists seem. now to be taking the opposite point of view, m the attempt, so powerfully controverted by Sir Oliver Lodge, to geometrise physics they indicate space, of being conditioned by matter, is ttself the foundatiOn of matter and physical forceswhich are merely the "outcome of the geometry of the universe," as Prof. Weyl puts it. Herein there seems to lie a discrepancy in the relativist position which needs clearing up. Now I take it that the following propositions will be conceded :-(1) The geometries of Riemann in any number of dimensions are in themselves purely conceptions; .(z) the particular geometry whtch fits our actual phystcal umverse constitutes a space-time system of four dimensions; and (3) our concerning the objectivity of space ts denved from the property of matter which we call extension. involving the notion of distances. But whe;e are we if we d!scard a universal connecting a sub.-matenal "mther " connecting all b.odtes m the as a necessary physical condition. of every gravttatwnal and electromagnetic field? Bamsh the rether, and the only physical reality between the members of the solar system is light occupying otherwise "empty space "-a conception difficult to entertain and to reconcile with the relativity of pure NATURE [APRIL 7, 1921 space. A connecting rether,. sharing with atomic matter the P.roperty of extensiOn, does appear to be necessary to · t·ender distance and. space between the heavenly bodies. objective reality. The rether can, apparently, be reconciled with the Einstein. equations. Relativity has, at any rate, rendered the inestimable . intellectual. service of bringing physics info contact with metaphysics. In respect to questions of ultimate reality we do appear to some extent to be drifting irito a position of philosophical idealism. It is evidently in relation to mind that the physical universe acquires its fullness and richness, and certilin: q!lalities of matter can scarcely be thought of as . standing alone apart from mind. A case in point is beauty, a quality which was re ferred to· by Sir Oliver Lodge in NATURE of February 17. Beauty differs from the grosser qualities of matter in that its objective foundations, namely, various harmonious dispositions and groupings of parts, . are only incidentally, not directly, the expression of physical forces. Consequently, beauty as beauty is relative to mind, a subjective reality, and the sense of it in man a faculty of the spirit. IN some recent communications on the structure of molecules based on the Lewis-Langmuir theory the question · of the energy of molecules seems to have been · left out of account. The models for halogen molecules . p.r.oposed by Prof. A. 0. Rankine (Proc. Roy. Soc., 1921, Februat:y), for example, whilst they agree well with th.e viscosity data, are . not in agreement with the spectfic heats of the gases. The models of the nitrogen and . nitric oxide molecules prop0Sed .by Langmuir, and those of the carbon dioxide and nitrous oxide molecules proposed by Rankine, are also at variance with the specific h eats of these gases.
A . molecule composed of atoms rigidly attached in line should have a ratio of specific heats of 1·400. Carbon dioxide and nitrous oxide are assumed ta ·have three atoms in line. The value of c, {c. for these gases is of the order of 1·300. If nitrogen consisted. of molecules as pictured by Lan gmuir, i.e. having two nuclei insi<ie one perfect sphere, the ratio of specific heats would be r-667. The value of cvfcv for nitrogen is 1·40.
I intend to develop this matter in a little more detail but it seems worth while pointing out that a discre'pancy appeat·s to exist between the facts and the latest theorv of atomic and molecular structure, at least as I understand it. 0.NE can cordially agree with Dr; Annan<iale and Major Sewell as to the importance of all such intensive· local work as they refer to in their · letter in N A'l:URE of March 3 r, p. 139; but is it oceanography?
"The investigation of the fauna of tlie Chilka Lake . . . a minute, almost isolated; fragment of tlie oeean" (to . use· their own words) seems exactly t:ke type of excellent marine biological investigation which has . been· carried on bv manv institutions· , committees, and individuals-in various· parts · of the world (not the British Empire alone) in the past. Long . may such continuous lo!!al• work flourish' and ··beoome enlarged in . scope · bv the ·addition of those hydrographica:J and biochemical researches which should enable Lis · to NO. 2684, VOL. I07l understa nd better the causes of the observed faunistic distribution.
But these intensive studies of relatively small areas can scarcely be said to touch the great problems of the wide . oceans as a whole, and cannot be regarded as an alternative to occasional more general expeditions making traverses of large areas and deep seas. The British . Empire has interests beyond the coastal waters of the continents. By all means let us encourage local and minutely detailed work, and also advocate, when the time is opportune, that wider investigation of the open oceans which, in the opinion of many of us, might add much knowledge in various branches of science. W. A. HERDMAN. Biological Station, Port Erin, April 4· Why do Worms Die'? THE middle of March saw the slaughter of millions of worms.
Morning by morning the pavements; roads, and pathways were strewn with the dead. Great a nd small, young and old, of every known species a nd genus, from Lumbricus to Dendrobcena, lay prone. Even if they were able to reach the pasture, lawn, or grass-plot alive, they had not the power to burrow a nd recuperate. What caused their death? I have asked the question for thirty years, but have never found the answer.
four main theories have been advanced. They are killed, folks say, by (1) parasites, (2) cold, (3) rain, or (4) poison.
The first theory has long been maintained. It was
